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Abstract 
In this research CeO2 was doped with samarium to produce Samarium doped-Ceria, SDC, then composited with sodium 
carbonate to produce NSDC. Two types of NSDC had been prepared, i.e. NSDC1 and NSDC2, correspond to different methods 
of incorporating sodium carbonate in which were without and with pre-heating procedures, respectively. The ionic conductivity 
of NSDCs at 300 °C to 600 °C was calculated by measuring the impedance at 20 Hz to 5 MHz. The result showed that additions 
of sodium carbonate for NSDC1 eliminate electronic conductivity of SDC at 600 °C, however it reduces the ionic conductivity. 
NSDC2 did not provide a good ionic conductivity, although this electrolyte showed electronic conductivity at given temperatures.   
This indicates that NSDC2 is not suitable for electrolyte but more suitable for electrode material. Stability measurements on a 
single cell of NSDCL~NSDC~NSDCL revealed that the addition of sodium carbonate can inhibite diffusion of electrode’s 
elements into electrolyte. This could increase fuel cell stability. 
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Nomenclature 
 
  
SDC 
NSDC 
NSDC1 
 
 
 
 
samarium doped-ceria 
composite of Na2CO3-SDC 
composite of Na2CO3-SDC without pre-
heating treatment of Na2CO3 
NSDC2 
 
NSDC-L 
SOFC 
composite of Na2CO3-SDC with pre-
heating treatment of Na2CO3 
composite of NSDC with Li0.2Ni0.7Cu0.1O 
solid oxide fuel cell 
 
1. Introduction 
Fuel cell is a promising technology that convert chemical energy of fuel into electricity. Solid Oxide Fuel Cell 
(SOFC) is a type that has shown great potentials for commercial scale production due to their all-solid state 
components, high efficiency with little pollution, and variety of fuel utilizations1. Even though, high temperature 
SOFC shows many advantages such as faster electrode reactions excluding the need of catalyst, fuel flexibility due 
to high internal reforming, and cogeneration possibility of the waste heat from the fuel cell2. However, there are also 
some problems such as difficulties in finding interconnection materials and sealing1, mechanical and chemical 
incompatibilities, stability of materials used, long start-up times and high cost of the balance-of-plant (BOP) parts2. 
Therefore, research on new electrolyte materials has been developed for lower temperature SOFC such as samarium 
doped-ceria that shows conductivity around 0.1 S  cm–1 3. Unfortunately, doped-ceria features mixed ionic-electronic 
conductivity which leads to reduce fuel cell performance due to short circuit of anode-cathode that caused by 
electronic conduction. Recently, ceria-salts composites, a nano core-shell samarium-doped ceria with amourphous 
Na2CO3 (0.1 S · cm–1 at above 300 qC)4 and SDC-Li2CO3-Na2CO3 (0.02 S · cm–1 to 0.9 S · cm–1 at 400 qC to         
600 qC)5, have been synthesized. Meanwhile, simple bi-composite of gadolinium doped-ceria (GDC) with alkaline 
earth carbonate was found to have conductivity of 0.001 to 0.2 at 400 qC to 600 qC6. Benamira et al.6 investigated 
the thermal characteristic of composite of GDC/Li2CO3-K2CO3 and found an endothermic peak at 485 qC that 
corresponds to the melting point of salts Li2CO3-K2CO3. The melted Li2CO3-K2CO3 salts released ions that can 
move freely inside GDC crystal and it may enhanced the ionic conductivity.  
The composite electrolyte, classical ceria-based electrolyte with a mixture of alkaline carbonate, shows 
distinction concept in oxide-ion conductivity8. This is because that salts melted and the ions of salts were released 
and then freely move to other lattice inside the composite or migrate into other functional material such as to anode 
or cathode. In this research, an investigation on chemical stability was conducted by tracing the elemental content at 
electrolyte-electrode interface. The stability testing was conducted with application of  biodiesel vapors. NSDC is a 
good candidate for direct biodiesel-solid oxide fuel cell with low operational temperature. Meanwhile, the oxygen 
ions conductivity was calculated from impedance data that was measured in the air without application of biodiesel 
vapors. Therefore, the ionic conductivities represent oxygen ions migration inside the composite. The oxygen ions 
inside SDC lattice can migrate due to crystal defect that were produced by the addition of sodium carbonate.   
2. Material and methods 
2.1. Synthesis of samarium doped-ceria 
Sm0.2Ce0.8O19 (SDC) was synthesis through sol-gel method. The precursors were cerium nitrate hexahydrate 
(Ce(NO3)3.6H2O, 99 %, Sigma-Aldrich), Sm(NO3)3.6H2O (99.9 %, Sigma-Aldrich). The precursors were mixed 
stoichiometrically in deionized water. Citric acid and polyethylene glycol as gelating agents were added under 
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continuous stirring at 50 qC until a transparent gel was formed, then the temperature was increased until 400 qC until 
a yellowish powder formed. The powder then was heated at 800 qC  for 10 h. 
 
2.2 Synthesis of NSDC 1 and NSDC 2 
 
NSDC 1 was prepared through sol-gel method according to Qin et al.7, where the molar ratio of Ce3+: Sm3+ =      
4 : 1 in 100 mL of solution. Then, 1.0 M of Na2CO3 solution was slowly added at rate flow of 10 mL · min–1  under 
stirred condition until forming gel. Meanwhile, NSDC2 was prepared by heating Na2CO3 powder at 800 qC before it 
was dissolved in water to form 1.0 M of solution. The mixed solution was then heated at 100 qC and stirred for 2 h. 
The heating was continued to 800 qC for 2 h to produce powder. Characterization on the prepared powder was 
conducted to study their diffraction patterns using XRD analysis (Brüker D8) in comparison to single phase SDC, to 
investigates their crystal structure and space group and identify phase content in the prepared materials through 
refinement of their diffraction data using Le Bail method. Impedance measurement was conducted by LCR meter 
(GW Instek 20 Hz-5 MHz) to study the conductivity of materials. Impedance data were fitted using Zview by 
applying Resistor-Capacitor network. Conductivity value was calculated from fitting results, the  resistance values, 
by applying equation (1). 
 
AR
"1 V          (1) 
V is conductivity (S · cm–1), R is resistance (Ohm), l is thickness of electrolyte (cm) and A is area of active electrode 
(cm2).  
 
2.2 Stability testing under biodiesel atmosphere 
 
Stability testing was conducted to each material by fabricated a single cell with NSDC-L (a composite of NSDC-
LNC) as anode and cathode. LNC, Li0.2Ni0.7Cu0.1O, was synthesized by sol-gel reaction from Ni2CO3 (0.7 mol), 
CuCO3.Cu(OH)2 and 0.1 mol NiCO3.2Ni(OH)2.4H2O as precursors. The mixture of NSDC-LNC was prepared with 
alpha-terpineol as homogenizer and coated on the both side of the pellets of electrolyte materials (SDC, NSDC1 and 
NSDC2). The stability testing was conducted at 400 °C  to 600 °C, temperature range for biodiesel application, the 
increasing step was 50 °C and the temperature was hold for 30 min for each step.   SEM-EDX (FEI type Inspect 
S50) analysis was conducted at three points analysis after stability testing. 
3. Result and discussion 
The diffraction patterns of NSDC1 and NSDC 2 are depicted in Figure 1, in comparison with SDC pattern. 
Figure 1 shows that the diffraction peaks of NSDC 1 and NSDC 2 are in agreement with SDC peak.  The presence 
of Na2CO3 is not indicated, due to amorphous phase of Na2CO3 as it was reported by Wang4. The amorphous 
structure was formed during thermal treatment and the sodium carbonate became protective layer to SDC particles6.  
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Fig. 1. The diffraction patterns of the prepared materials, SDC, NSDC1 and NSDC2 
Fitting of impedance data with R-C network provide resistance values that can be converted into conductivity by 
calculation using Equation (1). Capacitance value confirms character of conductivity whether ionic or electronic. 
The conductivity values are listed in Table 1. 
 
 
Table 1. Ionic conductivity and electronic conductivity of the prepared materials 
Materials Measurement temperature (qC) Oxygen ion conductivity (S · cm–1) Electronic conductivity (S · cm–1) 
SDC 400 
500 
600 
3.24 x 10–5 
6.50 x10–4 
3.71 x 10–3 
- 
- 
2.30 x 10–2 
NSDC 1 400 
500 
600 
1.91 x 10–6 
1.98 x 10–6 
4.61 x 10–6 
- 
- 
- 
NSDC 2 400 
500 
600 
- 
- 
- 
3.2 x 10–2 
1.5 x 10–1 
2.2 x 10–3 
 
Table 1 shows that SDC has higher ionic conductivity than NSDC 1 at 400 qC to 600 qC. However, SDC has 
electronic conductivity at 600 qC. It indicates the presence of electronic diffusion between electrolyte-electrode due 
to reduction of Ce4+ into Ce3+. It may cause short circuit and reduce the fuel cell performance. Meanwhile, NSDC 1 
provides only ionic conductivity at 600 qC that indicates good stability of NSDC 1 at 600 qC. Even though the 
oxygen ion conductivity that shown by NSDC 1 is low, this material actually has capability to be medium for 
proton, H+, migration due to the presence of carbonate ions, as it was reported8. The protonic conductivity is 
presumably occurs along the oxide/carbonate interface or via ‘hopping’ between neighboring hydrogen carbonate 
and carbonate ions8,9.  Protonic conductivity might also contribute significantly when the impedance measurement 
was conducted under hydrocarbon fuel flows, such as under biodiesel, ethanol or bioethanol flows.  
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NSDC2 shows electronic conductivity at 400 qC to  600 qC. It indicates that NSDC2 is not suitable for electrolyte 
material but it can be used  for electrode material. It seems that the pre heating treatment on Na2CO3 may removed 
the carbonate ions and the molecules became sodium oxide as it was confirmed by Le Bail refinement that NSDC2 
contains of two phases i.e. SDC and Na2O. This is also confirmed by SEM analysis that shows the different 
morphology of NSDC1 and NSDC2, as those are described in Figure 2. In SEM image of NSDC1 (Figure 2a), there 
are needle forms that were confirmed by EDX as sodium carbonate. Meanwhile, in SEM image of NSDC2 (Figure 
2c), the needle forms are not available and it replace by the presence of granules that was also confirmed as SDC by 
EDX analysis. The morphology after being loaded with biodiesel also has different form (Figure 2d). The neddle 
forms of NSDC1 were melted and layering the SDC particle. Meanwhile, the granules in NSDC2 became less 
visible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. SEM images of NSDC1 (a) before and (b) after being loaded with biodiesel and NSDC2 (c) before and                                      
(d) after being loaded with biodiesel 
 
Stability testing was conducted on all prepared materials that were assemblied with NSDC-L as anode and 
cathode forming a single cell. Biodiesel loading on high temperature (400 qC to 600 qC) allowed migration on Ni 
ions from anode to electrolyte SDC, as it was detected by EDX analysis at interface between SDC- anode. The 
position of poin analysis is described in Figure 3(a) and 3(b) and the elemental contents of each point are listed in 
Table 2. 
 
 
 
 
 
  
 
 
 
 
 
 
Figure 3. SEM images of SDC at (a) before and (b) after stability testing and the points that were analyzed by EDX 
 
(a) (b)
(a) (b) 
(c) (d) 
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Table 2. Elemental contents of SDC before and after stability testing at three points analysis 
 
SEM images of NSDC 1 at before stability testing shows roughness of morphology and it becomes smother after 
stability. It because of the transformation of sodium carbonate form from neddle into layer as it has been explain in 
Figure 2(a) and 2(b). EDX analysis on both condition shows that there are ion migration from NSDC-L into 
electrolyte NSDC1. The presence of nickel at the interface of NSDC1- cathode at before stability testing probably 
due to the point analyzed was too close to electrode, NSDC-L, layer. 
 
 
 
 
 
 
 
 
 
 
Figure 4. SEM images of NSDC 1 at (a) before and (b) after stability testing and the points that were analyzed by EDX. 
Table 3. Elemental contents of NSDC1 before and after stability testing at three points analysis 
Elements 
 
Weight % at points 
Above (anode-NSDC1) Middle(NSDC1) Above (anode-NSDC1) 
before after before after before after 
C 09.83 11.14 10.40 08.22 26.38 12.86 
O 20.25 20.58 14.87 11.05 30.42 16.41 
Na 07.71 22.66 08.11 09.19 31.51 17.27 
Ce 48.11 34.39 56.53 53.59 08.67 42.94 
Sm 14.10 11.23 16.08 17.94 00.00 10.52 
Ni - - - - 03.02 - 
 
Table  4. Elemental contents of NSDC2 before and after stability testing at three points analysis 
Elements 
 
Weight % at points 
Above (anode-NSDC1) Middle(NSDC1) Above (anode-NSDC1) 
before after before after before after 
C 11.51 06.76 17.31 09.26 09.58 08.83 
O 18.23 09.92 30.01 13.68 16.62 09.28 
Na 22.40 - 36.59 04.11 12.59 - 
Ce 35.32 62.87 11.72 54.81 45.89 62.33 
Sm 12.54 20.45 04.37 18.13 15.33 19.55 
Ni - - - - - - 
 
Similar phenomena that shows there are no migration of nickel ions from electrode to electrolyte also occured in 
single cell with NSDC 2 as electrolyte. The elemental analysis result is listed in Table 4. It indicates that the 
Elements Weight % at point  
Above (anode-SDC) Middle (SDC) Bottom (SDC-cathode) 
before after before after before After 
C 09.15 10.09 08.35 07.44 02.50 05.72 
O 18.87 14.85 10.73 08.67 01.91 09.92 
Ce 59.68 62.05 66.68 65.77 63.33 67.06 
Sm 12.30 07.59 14.23 18.12 32.27 16.39 
Ni - 03.89 - - - - 
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presence of sodium ions also capable to inhibites diffusion of electrode components into electrolyte through the 
interface of electrode-electrolyte. 
 
4. Conclusion 
Sodium carbonate can eliminates electronic conduction at 600 °C. However, it also reduces the oxygen ions 
conductivity. After pre-heating treatment, sodium carbonate was transformed into Na2O and it is even eliminates the 
ionic conductivity and the material become electronic conductor. Therefore the NSDC2 is not suitable for 
electrolyte. Stability testing shows that the present of sodium can inhibites diffusion of Ni ions from electrode 
(anode and cathode) into electrolyte. It indicates that the NSDC is chemically more stable than SDC under biodiesel 
fuel at high temperature. 
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